PATENT ABSTRACTS OF JAPAN 



(11 publication number: 2002-314516 
(43)Date of publication of application : 25.10.2002 

(51)Int.CI. H04L 7/02 

G06F 1/12 



(21 Application number : 2001-118548 (71)Applicant : FUJITSU LTD 

(22)Date of filing : 1 7.04.2001 (72)Inventor : SASE TAKUYA 

TAMURA YASUTAKA 

(54) CLOCK RECOVERY CIRCUIT AND RECEPTION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve problems of a conventional reception 
circuit (clock recovery circuit) that has had a large amplitude of a limit 
cycle signal and a feedback loop characteristic with large jitter dependence 
and signal level dependence (that is, difficulty in prediction of circuit 
characteristics). 

SOLUTION: The reception circuit including the clock recovery circuit is 
configured such that a phase comparator 5 compares phases of outputs 
received from a data detection determination circuit 1 for detecting and 
discriminating data of an input signal and a boundary detection 
determination circuit 2 for detecting and determination a boundary of the 
input signal, a clock signal generating circuit 4 receives an output of the 
phase comparator 5 to supply a 1st internal clock CLKd to the data 
detection determination circuit 1 and also to supply a 2nd internal clock 
CLKb to the boundary detection determination circuit 2, and a boundary 
skew generating circuit 3 controls the skew of the 2nd internal clock so as 
to change a detection timing of the boundary by the boundary detection 
determination circuit 2. 
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Umm l ] IS l GDfi-*BeJ& tx Aj}m^<o;<V yy 

y zmtzte j:tf¥mir&jv> yy y mmw%.®8&tt 
t . mum zixtz'^yy y izm txum i <^(if<o^ 

5 >7&mfflLX? U -y ? COfSTC^fi 5 ? o -v ?«7C 

ffiem 1 <0ff-s§-£f«JP tT huKav; y** y ^it^HR 
izLtzZtZimt-t&fv-v? «tcII]». 

[ if * is 2 ] i ?uv?mmmzsi 
wyyv sr«taj-$-4#*«o:M s yy\,zni,xnwm 

[it*ii3 ] ii*iB2 iz%m<o? a -y tmmmzis 
^x. zt>iz. mzmicom^zmz&mffifzimmz 

I II*IS 4 ] If *IB 2 tf B«£^ ^ o -y ^ flutHSS £.& 

^x. ze>iz. mmmi(om^*m%&mraMrmw2 
■£&-sj$mm®$%zmz. tat wmt n?n-y 

[ If 5 ] If 1 B«<?) ? n -y ? fXTcEgg fcfc 
tu^ yy 'J tfXfciiJSrfi 1 ^ i t -ts ? o -y 

na.jim^<o;^ yyv xz/p yy 
»f- ?mxmM®$&}3 xtftov* yy y ^ffiw^uss 

Kfflffl JtlRS^aj'* SrSttlR o T luf Ex- ^^tBf J«S 
B(c« 1 <0f*)g|5? d y ? & t ftfcltE/** yy 

'J fcfflf'JSglllB&tSS 2 *>rt»? O -y ? fctSWfr*-* ^ O -y 

iSiESt 2 C7)^gp ? P -y 9 \iZH- z_ & X * jl - Srfliijffll L X mf 

IBAV? y^ y ^ffiW^nlKtcfctti./N'^ yy y o^tii^ 

■< s yy*$zitz^&wyy y x^f * -mi®n t , 

[ If 7 ] 3f$JB 6 fcEttOgteEKKcfc V>T .. hu 

is; v y y «tas M^niKti , a»«v ^ yy u «t aj^. 

yy ! J l^ffi^-- y MWUMI^KJS tx -Wt-WO >'?' 
y W«iajS:fl-5 i 4gf3II]». 

[ mmm s 3 if sm 1 izmmngimmzti ^x.m 



yyu *tt{B-r&**<o^>f s yyiztfbxmmmzii 

mm^r £ -eix-T ixfriB^/ y y 0 «aj jl- <y b tc«^ 

t if %m 9 ] if «ii s iztmn^immzti v >t . m 
IB/ ^ y ^ y -x - . mrlB#/ ^ y ^ y «i 

&fflB<t yf-xu-fizm*.. mmiyf-xis- 
fn^-viz&mz^xxffiizx^jL-zmwt&zt 

1 tmm 1 0 ] $mm 8 aBnmgaam izts^x. 
ifriB^ <*> > ^ y ^ a -^niss{i; . huIB^ y y y 
«aiJ.=..y n»i«fi#sr»a:si*ia^t3iffis-a:*aas 

1 0 0 0 1 ] 

7ia^» 1 0«0f -y 7*1*1 {C*5 itS «SttfOS^>HI?S^a «y 

rsnm^mzmmzfiofztbn&mzffli,, mz, m 
[0002] ifi^. rz y\z^-7^*<omcDmmmm 

ls2:ti^-r.i.gi5p D p^ttiai^:#<(fi]±LTfc l 9. Wli 

DRAM (Dynamic Random Access Memory) ^CO-^ 
mffiSMSkW&Tu* -y-^cottSg(B]±{ig SrSSBI. 

[0003] ftffcWfcl. «ilf . DRAM^co±IB1i^ 

a^Tn-fe-ytftcora (LsiF^) com^mjm%.tf3 

yt°*-?£fo<7)ftffift±.<7)mflz%:K)^~o$>$>. 

-/s^iv^^E*^-H (ryyhBaR»K) ho 

mmzcr>ft±w<&miz%:^ X &X v ^ h . 
1 0 0 0 4 ] -e^x\ i«a<ofi#giis&5eB-f-4fc«> 

y 5 -y Mt>f ?/m^0ffi!g#/h$ < . 
«rtt«9 ~J -y ^ -flcfftt-^fg-^ l^^NSfftt^/hS V M f 

[0005] 

Jfi^P. LS I^>!)f-HIB. 
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ft^iljt^'l Gb P s ( 3%&»£ 8^ 

SflBfc) fctt, 4Gb P siUil OGbpst^fc 
«*>Tfl5V>ffi (ffiK*>Mxi&) KSr^fca^fcSft 

[ 0 0 0 6 ] Mi Of, LSI mMi^&M*HSjSLit-t& 

X\ ?ny?^fcfctt4ffiffiTOafi**5fflUU flli. 
(f, *h^*^OA7J?ov?^rt^ov?fcOftfflJt 

[0007] Hi (4&*^? d «y ^«7cHISSS:^-tfSft 
E»<0— 09Sr«WWfcSr^7'n y 9 MX'h 0 . 4 - w a 

s. laifcfcwr. #m«f#i i i—i i4«f-^i 

ft:X-y K 1 2 l-124UA''?y 7 v yMl=7 

K 10 4(Jfiffi-fy^-^W, f U, 10 514 

L(47 4 — H/N' y ? 7^ ^Sr^LTUS. 
[0 0 08] Ell (C^ £ ft & 4 die. o-y 

7cnis« (5SYSia») (4. ffi8J>?-xu-? (fiiffl^r 

^a y^ft-¥2-4ffiffl^A^3ft-f- (0fflyo 7 ;) £4- 
*cotiM4 yf-XV-? 1 0 4tJ: D-Hx^A 

IZttmLKfflBCOfUy? (CLKd, CLKb) £36 
4tSJ:5KiotV^. ^it. ?U-y?CLKd 
t4. f-^iffia-7h (-r-?&j™fl0S&) 1 1 1 
— 1 1 Ai,Z^-x.htlh^<DX\ mt\f. Ztl?tl9 0!g 
^&fflH£*-t&4oc7>T-?1$a}^---y hfflmt-^C 
LKdl. CLKd2, C LKd3, C LKd4(c4 9*»J&£ft 

[00 0 9] ?n>y:?CLKbi4. WyfJISl 

$,3.->y h u^yrvmmm^m^) 121-124 
tt-th4m^vyvm\i&--v vuwm^c lk 

bl, C LKb2, C LKb3, C LKb4(C 4 Dffi^^tlS . 
=5rfc. #7-'-^«ltili--y MH«W3#CLKdl, C LK 
d2, C LKd3, C L^^A^v^ij^ftj.- «y 
Mt#CLKbl, C LKb2, C LKb3, CLKb4t(4, 

[00 1 0] lit, fyUli\ AAf-^^-fyD I L 
lz^LX2. 5 G [ b P s ] <95I STf - 9 #996 2 ti 
&m&. ^T-^m&^-v M 1 1-1 1 4tSiW< 



^yrvrnta^-'y m 2 1-1 24(4. *ix?ti6 2 

5 MH z tf>? o -y ?T-f - 'J -7l)j^2ff-5; i: (C 
3r4. x-^«iaj^-->y M 1 1-1 14(4. 0UJ4. 

3iOTff-§-CLKdl, CLKd2, CLKd3. CLKd4) t 

n-ii 4oaj7j{4. tzmmmi osizim^n 

[0011] |BI«t=, A^v^y&tip.- .y M 2 1- 
124«4. Mi.(4. ^iX-e^l6 2 5MHztfO^O-y^ 
( ^ SV7 >-^" )J ^aja. - . y b CdffHS-^C L K bl , CLKb 
2, CLKb3, CLKb4) lz£ OIEK^ix. ATJt'-^ 

'J Srtfctfcfc itPPJjg LTfirfflJrb^H 1 0 5 tcflttftf i . 
ffifflJtBHSl 0 5i4. A7J $ il^r f-*- ^ ^ tH -y h 1 

1 1-1 1 4fc < tr/^v 7 >'^U^ttiJ---y M 2 1-1 

2 4C0tH^)^ "0" fc«fctf "1" «f-(y^;WI$(: 
iSJttS^a^flW 7^-FA.y^7-fVFL2r^-L 
T7 -f — Fvs-y ?fi-5f-£fiffl-f >-^-.-KL— ^ 1 0 4 £ 

[0012] H2J4H i (t&mmmz&iizffliM 

-#ls—?cr>—ffif$.MZK-t-7zi -y 9 WiX'h h . i2(: 
^ixhi. oiz, mttJ y?-xu-f l 0414. 

tf-SSS 14 1. 14 2,fV ■ T1~zir*m$i$s 

(DAC : Digital to Analog Converter) 1 4 3 . *3 
4t>\ 4rJa#14 4£ffl*.TV*4. 5^-08&14 1 
fc4t>'14 2(4. m^07^(Hffl?D7 
i?) fcilXDAC 14 3<7)tb^S-SftBX-3T. Hffl^o 
•y^*^-?-^-e^9 OJK^ifflH^^-^ff^fflSr^ 
L, **i-e*Ltf54»BM!iffi^0, -t04»B«2ffl*^rr4 
fg^-fc*^ (DAC 1 43C0&tl) fciSfifflx? r-£ 
SDffL7ti7D-y^^^4;L, -etT. *ffl3Sl4 4*^ 
LT-eil-eiXx-^^tHffl^o-y^CLKd (CLKd 
1, CLKd2, CLKd3, C LKd4) ti XW^yfV 
^tiiffl^D-y^CLKb (CLKbl, C LKb2, C LK 
b3, CLKb4) Z±m,-t&. 
[00 13] S^-ERl 4 1 J34V1 4 2(4. 

46£7)S^.(4. fiffiib^H (10 5) (cisv-iT. r-^«t 
tiji- - y M 1 1-1 1 4*34W^>-^' l J^tiJ^-y 
M 2 1-1 24 Otii7J*^ . H-&frt>0>\j}? Uy? 
tftUmv? (x-^^tUffl^a-y^CLKdfc4tX 
A'7yy'JMffl?n7^CLKb) iS?)Vm\,Z 

udaci 4 3cm 

[0014] DAC 1 4 3(4. 3£«8l*J il^ffiffifWWI 
# ({uffiJ:b$xfll 0 5 0HJ7J) ^gftJRD. fiffl-BT^a 

*Sr«afcsaft lt 5 =3f-9--nis§ 141, 142 izim 
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U iOflESE^^tttiO^O-y^CLKd. CLK 

b^fflnj^^TWx^. dir. juviwnmn 

(9w9V*>JVJ-®8&) Ji. A^HS^fc-r-*** 

- * fcHtfflSfclllBa* A^fl^x- * * t*ai*s J: 

[00 1 5] Hl*Jj:t^H2K:*^-«gISI» (?o-y? 

^^A^y^y^aj^-'y h 1 2 1 ~ 1 2 4 i: L-tf 
— ^majjuzy M 11 — 1 14fcHfc®»S:fflv>S 

mm^>m^» < -t 4 £ t a*t"# 4 . 

[0016] H3«A*«^fc:*J»t47 i -^*J 
y?' 7f^-fS >9<r>m*^~tmx'fo 4 . m 3 

fcWC. #B$HF§-Dt (Dto) , Dt+1, Dt+2, Dt+3 
ti. 7*-^*aji-«y Mil, 112, 113, 11 

y?"£:^U 4*:. Bt, Bt+1, Bt+2, Bt+3fi. A"* 
^^" l J^ttiJ--'y M 2 1 , 122, 123. 12 4fc 

I/O**. 
[0017] 

[&Hj#jg&L±ofcThi>Sljm 01~03£#B3LT 
ift«PiL>fc«#«OK«III» (9av9U7i\B\$%) fctJV^ 
T, GfflJtCtSl 0 5^AUi:fcWttfc:ii*S&#«S!fl: 

VVb^&AyAy (bang-bang) SWlffi- 
O'JSvW ^;HS»3&«* 4*1.4. 4fc. fi!*<DSfi 
BKTiis 9x3v9Wmmz\-h%ixh~J'v*- (ji 
tter ) <7>A § $ C i -o T EK^lS^-ft-r 4 bK^-otz 

[0018] *%mi. i&Lizm^tmtf^thWk 

U 5 -y MM ?^HS^O*SB**/hS < . MS 
a -y ^aTcEJBij i VSfi0»oa«* B Wi: ~? 

4. 

[00 19] 

[ HH fcJWSW- 4 t&m-fk ] 1 <7>7&<K fc J: 

4 tr^urr 4 ^ < * y ^ y aswtmss ^ t . * 
assixfc^y^y oEttui coft-^-o^-f s y?-£ 

STOP LT ? o -y 9 WSGc&ff o9v-y 9Wm%,X'h 

9 , as 1 nm^mmLx^yrommp^mizii 
v&wyyvnm&fij $ y^^ts-t^i 3 izt 

[0020] *»*0SS20»JB(:J:ntf , r-^&ai 



y^y^ajfj^mssti. A^ft-^w^v^'j ^^ajfc 

w^>yvmiiimfem%frt><?)iiij]£%imr>x<m 
HMztfiK 4^. ?w?m^mi®m*s mum 
%<v&jv£%im^x x- ^ ^aifj^iEissfcm i ort » 
? o y ? Sr^-ri. t y ^aj¥'j^@s«tcm 

2(7)i*)g|5^n.y J 7^«^-r-i»„ -?-LT. >sv7>^yxdf 
A-f^EKti. *20rtSP^D-y^(c^-x4x^ J .- 
2:*iJfP LTA^y^ y ^aJ¥'JS0iSfci3tt4^''7 y 

[ 0 0 2 1 ] 04 li*»«^07 ?fl7T»££-^ 
tf^fil3KOJia^B£?r^yn -y ? Hr $> 0 . H5<i 
H4 cogfi HISS ( ^ a -y ^a7c0»*^tr ) OiWIsSrK 
B^fifeAOElT**. I34C*3UT. #M^l{ir 
-^«aJEl»s 2{^s-^>^u^aillIS*. 3{^^y^ 

u^A-«4ia», 4(ii7o-y^fi-§-^iais«. -et 

Llif-^A*5'fy < DCL(ix-^^a5ffl^o-y^ 
BCL, BC L ' l^^'JW^Oy? 
9-f>\ *tT. FLIi7-(-KA'7?^ >ZxkLX 

[ 0 0 2 2 ] 04 £^-r*»BJ§<5') ? a -y ^ fXTcSSS ( R 

mm* ) t,z&ux. mft&smwk a \±=f- ? m 
mm ^ d >y ^ c l k d ts «t ix/ > r y 9 D y ^ 

CLKb' £|&£U T-^^aiffl^o.y^CLKd(i 

r-^mmm^ci-y 9 y-ODCL^LXT-9mm 

>v9CLK.b - (i. AV7y^*y^ajffl^o-y^7^>B 
CL' ^ LTA«> >J x^f ^ 3 

;w sv/ y^- ijx^f j.-^ms§3 xmfecox* A 

- (skew) ^^.fefL^^y^y^ajffl^n y^CL 
K b y^' y mmm9 a -y ^ 9>f y B C L Sr^-LT 

[0023] f5fflj:b««§l5«. «*&$iTJtT-^«ia!ll] 

$% 1 i> i ij 2 oaj^i ztm>im l . 

7 - KA-y ^ 5-^ y F LSr^-LT7 - 9iS^ 
2r^u-y^m#»*HlS-S4('«^ ( 7 - KA>y ^ ) 
4. 05(c:^^tl4 < i: *$m<D9ny9W£®8& 

•y^CLKb' A^y^Ux^jL-f^E»3KJ: 

yy 'J ^ffiffl^ a -y ^ C L K b i: LT/^y ^y ^ffitU 
S82t#^$ix. A^y^'J8taj<0:M (Bt) 
Sr**c0AV7y^y^ai^^ $y^' (Bto) <?)ffiffl<7)lu 

[0024] fiffflJt«!»5{i, SISILfcMffl^tV h 
•fe/U (bit cell ) t'ttffl<?53£*S*l£TOfcU ^<7)ft$r 
fifflJ:t^S5 5c7)aJ^h LTV^4. itOMm^WSfcti 
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6. 

[ 0 0 2 5 ] 0 6 <4*«WWS<1HI» (^7 ^StcIhI 

S. 06 (a) li, rt»?n 7 ;i:J:J5 7f^ 5^ 
/(Bt ; D t ) j&SfflBWSr^ yf-;5M $ ^ ( Bto ; 
Dto) AI)tfV^(EARLY) SriSU II 
6(b) li s rt^o-y^c^^y?-^ (B 
t ; D t ) j^ffiBW^T^ vf-^-f 5 ( Bto ; Dto) 
X 0 «> SV*%£ ( LATE ) Sr^-T. 
[00 26] 06 (c) r-* (Dt) i 

&<9-r-* (Dt+i) <rmzm& ( o^i , i 

-0) #3S*uSr^fc#. oi •JHtT-^sMHKfcS 
(NOTRANS ITION) £:^U -?"LT. 06 
(d) li, Hfc-7*-*jWlfc< J: 3 wc» A* 

y y o &mz±tfc jjx*j ^ yy v ? -y 

m-zmmLTLtitztz. mwz. v&mm 
m&7-'-?®.mizmiiiLXL&itik%%k' (glit 

CH) ?r^-r„ t— ^^fiS^-f (Dt ) i:/SV7>- 

(Bt ) t^jK^iti 



[00 27] 

[*1 ] 



D t 


B t 


D t + 1 




1 


1 


o 


EARLY 


0 


o 


1 


EARLY 


1 


o 


0 


LATE 


o 


1 


1 


LATE 


1 


1 


1 


NO TRANSITION 


o 


o 


o 


NO TRANSITION 


0 


1 


o 


GRITCH 


1 


0 


1 


GRITDH 



D t : T-$&tH*mi >7 



[oo2s] *%>ty<v%mm% ?m7tm% > \,z 
y y ^aiffl 9 a * ? c l k b « . ##0; y^ y &aj 

*4 5 ( Bto) coffiaoifflSMc-f «k 3 K3r-?T 
Xf -y 7m«ttT t±$r < . ffiSi^OXT- y 7T« 

4-* & 



[0029] H7tt*«BJ<OSmEI8iW)IMf<0-W*ia 
HJ-rSfcabOHT'&O. 07(a) Ji^SWBAiiiafttt 
«r*U 4fc, 07 (b) ttWKttAaj*fttt**LT 

[0030] ffifflJttt»5tt. a«Lfcflflfc&X0b*«y h 

zzx\ —mt lx. Jtmwwyyvwt $ 

>7izttLX^>yy rMmizX*) X*jl-£-3/2 
v, -l/2r, l/2r, 3/2 r tft*)iMJ&k& 

iz-o^xmm-tz. 1^11 ffiffiJt«NSoAai*Wf 

tt«» 07 (b) tZ7xZtl&*o%4®m<7>X^v-rv 

«Bg$ix^ifi b s*^ttt^s. inii. fie**)*-* 

x -y TWSr^JSaS Sr J*oAliJ*«tt (07 ( a ) #gs ) 

^LT^Ms^KS^ixTv^ tmwvz h„ z<m 
<*>*&idu mrfiiz lx 4 mmBizttixinmm* 

tytlh. 4 r^fitSr^cOv-^^AtCA 

a 3*14 -y ^-c0«A(Ii: HSJgtClgSLTfcWf . 
(a«Jt«E» 5 t=tSSl=S:«HTlM^$-lir* - 1 

£0. 5UI (Unit Interval : MC09 n -y ?m 

[003 1 ] ^f-mf'/TW^fgittJ^O 
^o-y^fX7nll]|E§ («{gHIB) tc*fLT. **iflr«, 

immmiiz^rtinv 5 -y Mf>f ^;urt-f-<5o«is^/jN 

[0032] 

mats Jn v&mmftnmnmztimmmizm. o t b^-t 

{Z^~t?"u -Pmxfo*) , 4-wayx2Smy^- 

y-rnissi: Lt»^UJt<><or*4. 08tcfcv->T. 

WRHr^l l-14lif-^!Ha-7 2 1-24 
liA^y/Uiffii-'vh, 3 l-3 4{i^V7yr'JX 
^tjl-^4ij.- -y h (^N'-y^rjiEiniS^) , 4(i^a- y 

*. #BS^D I DCL 

v5 / — / i^duuniy i-J x y "i ✓ N \ '/ y y 'J K% 

[003 3] 08^^il-&J;3tC. *»l*te^Jc7)g 
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fl®8& ( 9 o -y ? f«7ciniS$ ) 13. iiu5£ LfctfcfcogflEI 
RfcRMXC, 4o«f-^flja^7 M l~14fcj: 
l/4o«A'>)yf U ttffi -y h 2 1 — 2 4 SMffl*. . # 

r-^^ajj---y b i i~i 4t5Xx/^<^yyvmm 

i-«y h2 l~24ti-f y?—V~-7mitt'tTO £ Ofc 

^«iBi--y h (^'-^aj«3'«) 11-14C4 

-f%>4'?<?)7 : —?m\£3--'V h*J«UI# CLKdl. CL 
Kd2, C LKd3, CLKd4tC;i 

[0034] ;D 7 ?CLKbli, A^y/iJtt 

{iJjLn -y h ( A? y ^ U fcifJ^IIIK ) 2 1 ~ 2 4 
iWiifcoyC. ^ft^'ix9 0JK<D&1Si££3f 

•r s 4 o<?3 > y ? v mtaj-- y h mwrn*? C L K bl , 

CLKb2, CLKb3, C L Kb4^«t 9fltJft£*lS . =5r 
fc. #x-?^liJi-v hSMWrCLKdl, CLKd 
2, CLKd3. CLKd4i:#A^>'^'U«iajJLr..y Yffl 
WI-§-CLKbl, CLKb2, CLKb3, CLKb4t(3. 

[00 3 5] i-^t, #IR(3\ A*7-*-^7^^D I L 
tc>rj LT 2 . 5 G [bps] <Vm&X?-9tf®Mt%tl 
#r r -^«lfcB^---y M 1 — 1 A&XTf^y 
yj^ttJJ---y h 2 1—2 4(3. -Hvm 6 2 5 M H z 
<7)?o-y?TM y?—V-y'mt$:ftoZtl,z%:&. r 
1 — 14(3. «£lf, Ztl?i\6 2 
5MHx(7)?X3>y7 (x-^^ttJJL--y MWfl«S#CL 
Kdl, CLKd2, CLKd3, C LKd4) (C J: DIM&£ 
ft. A^7-'-?5^D I LC«l&$/lfcWJ«t<Of 

LXftjrtZ. &fz. 7 f -*8KBi--y hi 1 — 1 4W 

[0036] mane. A^yy^ajj.-y h2 1—2 

4(3. Wifef, Ztl*'tl6 2 5MHz<7)?xiv? (A>7 
yy>J^ftJ-— -y hftOffllfi-^CLKbl. C LKb2, CL 
Kb3, CLKb4) (CiOIEM^ix. AAf-^5^fyD 

tsxwtm LTfifflibKs 5 (c«^^> . o.mm& 5 

(3. A*$*utr-^«[ti-3---/ M 1 -1 4*33: t/A 

u «at3-- y b 2 1-2 4 mt> * Jtiswffli l 

? n -y ?«-^»£IIIK4 fcttte ( 7 * - h'A -y 

[0037] 09 imsc^mmmnmftzmmt&K; 
* j; 3 tc, #ss 1 mmm^mmz (?uv?®jt® 

2 3, 24l,z£*)7-y?-Ztl&^ 1 J>y ] Je>?'t 5 
(3. *>SB#ISUt*ri: LT. #*<0;yM Sy?' (SBffiW 
t*fLTAr7yjy-UX^i-%4lJ---y 



h3 1, 3 2, 3 3. 3 4<,Z&&X* A -ZJ^yyV 
«SC-3/2r, - l/2r, l/2r, 3/2rfcf£ 
&<!<!:(;: 3 9. a^^ijw??^^ 5>^Sr* 

[0038] -tnh-h. hmmmz-ctLx. 

Wy?W94 SyflzttLX't-yy rMWlzZhZ 
*3.-&^yyvmiZ-3/2 v, -l/2r, 1/ 
2r, 3/2rt^»)a^'^, B«5iL*:07 (b) 
(CtkS il6 3 3 *r 4 SPBO^r- *v 7-T«$ ftfc PBS* 

IS^ftW, ^^^-* s ±2rOiEH. ttioh. 
fcLT4r«0«EHtiT±>^. <I<04r<0i(l fiffi 

**W*S«*i: tT(3. 4 r^S^ 0 . 5 U I 

[0039] AfttinmzmLx . »«#-^f -y 

7 (a) KStLT. ^^a-**i4ii:fc:J:44a» - 
( b ) <0 J: p fc* 0 . £ tU3{afflJt>R2! 5 O^^ttcOK 

$ k mz. ffimji—yimwiS'v ?~m?&*?m 

[ 0 0 4 0 ] HI 0 ti*SMHts J:t^*<0^ n y ^fSTt 
0S#* &gft«0&fflg?£l±<0:/ Sal/--/ 

a >«5kO-ff!S: Jt« LT^-THTS) *) . C mig(c3 

TfcS. ^rfc. 01 0T'(3. rtf—y *\ , o, l, 

0, j <7>T— *£AAU #^a.y^fl7t|HlS^C7)^7-' 
;KCi3(tSA>Ay (bang-bang) $ijffl)(c;3 ^>*gifs2:^ 

[004 1 ] 01 OtCfcV^T. #gg^$#L0 (fttft) (3 

LI (M5K) J4*«^<O5tfi0»^5jLP-j«'g>'|S 

(^>f 5>^«9>^>r) ^*L. flWftJil^fiaSrSLTV^ 
h . 0 1 0 (c^$:fx& 3 -5 *5&BJ (31 1 SttfePH : L 

i ) Ti3. (lo) iztttx. T-'-^^axoao 
9 ^ 5 y ^«om> 4> r ( (iffio-rix ) < ^ -? x a 

0 . *»BJcr)^ o -y ?UK®&<Oljimt>Mz&fe&ff 

[ o o 4 2 ] 0 1 1 te*miiz®h&m®8z<7)m2mm 
mzmmwzmtT'V'y'tmx'hh. 01 1 

01 b<oitm*$,*nz>frZc£5iz. 01 Kc^-r*iS2 

%*W%®ffi7n -y ^ ^mcXi; LT(301 
R«"C*4*», fiffl'(y^-^-^4 0(7)«^ 
S. -«r*>fe, *f2»»ji:fent(l &my?- 
KV-5> 4 0 *«A<7>-^'J ^HiJ-^ -y h 2 1 - 2 4 fcfc 



1 
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[ o o 4 3 ] n i 2«h 1 1 (Dgmmmztsif&m&j 

1 2^$^J:pt. jSBI'f^-^-^4 0li. 
S^-0SS4 1.42. x-f S J*)V ■ Ti-uy^m^ 
(DAC) 43, #J3t§44, tiXlf. ^IfflDAC4 
5&filxT^i»„ S^f"»f-Il]f§4 Hi, ?U>y?m^ 
(Hffl?u-y?) *$J:tfDAC4 3<5Dtt5^l2:SttKo 

tiMB&3r*"tft-9-tc&a (DAC4 3<0tti:Jj) 

-0SS4 2Ji. ?Oy?ft#, DAC4 3cO{±i^t5 «tt/ 
SSSfflDAC4 5*>{Wj£ftWR-5T, BtB?0»/?j&» 
^m^'ft9 0^{5fflll£*>ofi^*B£^j£L, * 

(DAC4 3<0!±}*fe<tt/^PfflDAC4 5«0tfi 

[0 044] 0SS4 l±5«kf f 5df-9--HISS4 2 

CLKd (CLKdl, CLKd2, CLKd3, CLKd4) 
i l/A<7 >y U l^affl^ D7?CLKb (CLKbl, 
CLKb2, CLKb3, C L Kb4 ) ixi. . 53^- 

-EJ»4 l*Jit/4 2fi. S***-*-«aMi£*fc:ftffl 

(5)fc:*5Vvc. f-^iUJi-'yMl-HfcJ:^ 

y^yyvmm^.=.-y b 2 1 -24^**^, nm* 

? C L K d J;tfA'>> >J ^ffiffi ? o -y ? C L K b ) 

is^jutiwzmsttMZh.. mmmtt&k ltd 

AC 4 3tC^ttSil4. 
[0045JDAC43I1 5g«Sfc i 

miz&MLX $.*?-®M4 1 . 4 2t=«tt^S. *L 
T. 5^-HIK4 lt"«i, DAC4 3 3&»4>0«a[03E 
-ffcftfcj:^ 5Jf-9--lHlS#4 2Tii:. DAC 4 3 

& «t tfsssuH dac4 5H <a«8s«o3MfcjtK j: 9 ? o 

7?CLKd, CLKb O&ffi »r$Ztffthtl& „ 
[00463 #SS2 HifeWt'li. flfflDAC45{:*f 

If-EIKW 2 A^v^'J • ?o 

fflD a c 4 5 tea^r saai 3- K«-f -< itfMzmm 

N 2 /TNT".* — >°T— » C=i — »■* »t .-!*-» IZ^i *4- ? 



[0047] 01 3{i*«HJtflRSgffilUBom3SOt 
0J*«B»Wk:5r^yc7 -y ? 0Tft 9 , S . II 1 4 till 

1 3 cogftnissttjtts^*^ >?• v m&mzms&m? n 
—mmft*7Ky~-7uv-7mx'fo&. mis^z^ixhx 

fcv>T, ^n-y^ft#3%±HIS54«. 7n-y'/mn%± 
SIMOOfc, ?o>y 9i^y?r 4 0 lfeJ;tX4 02 i: 
fl§i.TV*4. f-«»D7?CLKd (CLKdl 
-CLKd4) <i. f-^!Hffl?O7?A*.y7r4 0 1 
Sr^UT#r-^«a-i--y M l~14tft»S*i, 

J<?7>yVffiiiim7z><y7CLKb (CLKbl— 
CLKb4) (i. M^'JM?O7^A*77740 
2 LT #/- U ^t±J jl- -y h 2 1 — 2 4 (cfttft 

[0048] 0i4^$ni.«k3t^ s^yyvmrn 

ffl^n 7 ^A'77T4 0 2!l ^n-y^fi^-^t*B4 0 
O^^HW^D'y^SrSftl 1 ). •eil-Fn2S<0'f 
W-^4 2 1-4 24, 4 3 1-434HLT^ 
^'JW^Oy^CLKd (CLKdl— CLKd4) 

— 9 A 2 1 —A 2 4tC*5WC, pf^^HMOSh? 
>->>'^.^4 2 1 p— 4 24pfcJ:lXnf^^HMOS 
h7^^4 2 1nM24nlJ, V ^ > it X? <7)>r 
~bmwt:^tL^ti^t^hJ:diz^:^X^&. 
[0049] t^i>*> , »?co? n 7 ^ a' 7 7 r (f- 
M?D7;a'7 7t4 0 1 ) ^*5ttl> h7>-yX 
?tf)y*-MH£wp t LfckS» h7^^42 1p 
Jo«J:t>'4 2 1 ntfO^'- h«i«i-?-iX-fixW= 1 . 7 5wp 
t^iX. h5>yX^4 2 2pfej;^4 2 2nOy-b 
ipg{i-eil-? f ixW= 1 . 2 5w P t$/i, h^>v ; X^4 
2 3pfcJ:lX4 2 3nO^-Mg«'?-ix-f f ixW=0. 7 
5wpt$ix. LT . h7yyX^4 24pfcJ:0f4 
24 n(Oy-bmi±*tl?tLW=0. 2 5wpfc^ixT 
V>4„ .rilfciO. #ffi<0-iyA'- ^42 1—424 

^ibwtj ^ mm l t , wyyvmtamfuvtcLK 

bl, C LKb2, C LKb3, C LKb4tC*fLT-eti-ffl. 
mm\ -3/2r, -l/2r, l/2r, 3/2r 

fc. 014tc*3ViT. 4H!SSF#VD[41Kia, GNDii/ 
7^>-K. -?-LT, cp, c ntiiafeMSr^LTV^S. 
[00 5 0] iCOidKLT. m%hX**.-tfirz_L> 
tvtzJ^yyvmitimfVvfCLKbl, CLKb2, c 
LKb3, CLKb4!i. ZiXZtU^y? ^)^=L- -y h 
2 1, 2 2, 2 3, 2 4tett*&Sil*. Hl4t 

^ffijL- -y h 2 1 -2 4 ) (Ct^-T-I. ? D -y J? ^{tJ^J'f 

hs^yyV®liiRl7nv?J*>yyT402<<ZiiVhW 
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V ^tllffl ^D 7 ?CLKbl~CLKM IZ^tl^tim 

y^-94 2 1—4 2 4*^^4 X<7)Y 7 y is 
**Tfllj£U #^yA-?4 2 1~4 24<59tiJ;ft(C*f 
LX*ix?tim-&4 41-444 *<D&&0>* 
#££441<4 42<4 43<444i: LX&^> 

yv mmm 9 o y 9 c l km~c l k b4 t,zm% h x * ^ 

4 3 1~4 3 4l,ZtSlii> hyy'Jx9cr>V4 X^mm-t 

[ 0 0 5 1 j hi 5iz*%,wizi&%>%m®s%wm4m& 
mzmmwztjk-tru - y ?mxhh. ^w.4mmm^ 
mm% {9U'y9'<s5mn) A^y^ij^i-i 

£05$ 3 £"5MSIS£[i]ff£ (VDLElifS: Variable Delay 

Line Circuit) TflfJfc Lfc i> OTW. -^3:;b*>. * 
^4HM»I*5V^T«. ^o-x^it^±H]gg4*^co 
A»> >9 r Vm&m9v 77CL Kb*>'V DLM3 $r^> 

Lx^^>yvmmmm2izm^tt^ x 0 iz^^x^ 

[0052] 01 SlZ^ixhXolZ, VDL0S&3 

«i. mux. ftm-hmmm^csizxymmwz 

tl&m%lcDW$m3 0 1-3 04£^U MII3 0 
l~304ii. C^Utf. ^-yyTiiXZ/X-f-yi-mizJ: 

y^-co^y • *y£ffifflLxmW%x* 
*7 y9" V mtHm 9 o -y 9 C L K b t,z$-i_ h J: 3 taflr o T 
vvfc. Srfc. aStW^^'J^fcBffl^D.y^CLKbl 
~C LKb4tc^LT^ftmm5£<OX3- 3.-*5-i.%,i9} 
1§\ Mi-l£. &m®M3 0 1~-304«M 'yf-£-*M 
7 'J y 7tC3Wk$-frT* #Ay 7 T<^#ttc7)(f^o#^ 

mmvmmzx &m^zi&mmtxMmvt$:ft±zit 

hXo izffifcth Z\thX't-&. 
C0053] UJLhOJ; -5 tc. #f60JT1i. A^y^yifc 

aimwLKJioiz. ^wm^mm^ (,9 a 
•y9iM.7vm%) co&nmmizxtiif, iz.mm&<vmm 

a<v&mz X 9 . 'J 5 -y r-^-f < 

-r 1 z t ttx-% . mmv-yw&r) ~j •■/ 9 -«awfr*Hi 

[0 0 54] (#IB1) »l<7)ft^vJEtTA^ffi# 

^ y?" y zmtX&WPlfcf >9 y ^tb¥'J« 
H»S:# U f^tis^ix^^ y^y KJE fcTKSS i <n 
m^cr>9 4 5.^9'^mmLX 9 a -y ^comyt^no 9 a 

a? >9" y i*aj«giii»fc:*s »t y * -f 
$ yyz^tz-z&xo izttizt zmmt-ti9v -y 



[005 5] (#152) #ISl(wieiicO^P-y^fl7C 

x#mmz\$$>~o^tz?4 s y^xvN'^y^y^tti^ 

ftoZb*mkt-t&9t3v9m7t®M. 

Zn®t-t&9 O -y ^f«7Cl£lSS. 
[005 6] (#IB4) m£2lzmWLCD9o-y9im 
\simz&^X. m IB/ y ^ y ft tfjftttiiift t J: tulE 

( file 5 ) #ie 2 izimw vy9 ffltmmztsu 

iffiffi-f y9—#V-9*:mi.. %mMAV9-X\s- 
9^C0-3-VlZ^mZ J §-t&Zt*imt-tZ>9vy9 

[0057] (#156) #15 5 £fB«<0? D -y ^flTC 

$-fif 3 CI t ^^fc -r h 9 a -y 9Wm^. 
( #15 7 ) #15 2 let 5Ktf0 ? a -y ? flUcBS&fcfc v * 

«rffi*i<ofi#»»i:4^iaAf{tai£$-fr 

0S&. 

[0058] (#158) mz\\,zmm9ay?mt 
-y hi±. &v»jr\)mm3.—'y hmmm^zmtx 

Ztl?tV<i7 >9 r 'J ^^E±J St^t 3 Z t Ztm t -t h 9 o 
>y^ffi7cIslS. 

(#159 ) #gB8fciBtt<0^o v^07cHi88tj3V^ 
T. BulB^^y^y^aj^-'y Hi. -Hi^-'iiMISA 

^fi-^-WN'^y^'y $ >9"\,znL 

x&ffflmziz't>i\,\ti94 s yjy-c&A^ y^-y o^ai 
£ff 3 i i: wmti-&9 ay 9 wmn. 

[00 5 9] (#1510) #iE9{CiEtt<0J?o-y^a 
TCHS&fctHvt. luIB^^>^y^ttJa.n.y 
H^BA^fl^-W^y^y co^fciJ $: . -fii-f^^ft 
Jfe^^f 5 >9 r X-nd Z t *m ! ®.b^h9a - y 9mm 

(#151 1 ) #IB9tctBS!i0^n.y^«7£|HiS&{ct5^ 
t. B?lB^^y^y^aiJ---y htci^mrfiEA^fi-^ 

-i-'X V.1J y <- C VI y © / u yy iXyLlHJttft. 

[006 0] (#1512) mt9\Zim<r>9uv9\% 

immzii^x. zhiz. mi^^yyjmm^-'y 
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a«, 7 r zm*. hzb iwm t-r&tuv ?«tceib. 

( fit B 13) #f B 1 2 (.c|e«cco ? n -y ? OtgIUK £fc 

fJHH LTSft£®@$p B l£«*;-t£S i £ £ WBi: "TS 7 
u-y?«7C[IIB. 

[ 0 0 6 1 ] (#15 1 4 ) ttlE 9 fcfEtSO? o -y 

h mwim £ **i wis* h mrsmmm £ & im a 

- KteSH*** 4 i t SrWat-T 6 9 a -y ^ffiTcHI 
B. 

( #ie is) ftss 1 4 fcietfi^? a .y tmmmzii 

t ZW&t-t&fV -y ^«7EHIB. 

[ 0 0 6 2 3 (ftie 1 6 ) ttfE 9 fclE«iO^ a >y ?fg 
7C0»tctJV^T» BytB#A^y?'y^iiJ^--y 

b sowers* t> mmmmm s «»<o "issue 

SB Sr «i 4 Z b &W& b -T & 7 a .y ? fflTcEIB. 

(#ib 1 7 ) xiim^o-T-? *«hj*j i wjjt-r* 
mms. nissfe <t tf» y ^ y 4> as* 

owes; 2 eora ? a -y ? zmtri-h m-v 

HW&fc. IWES52<OF«ja{^n-y^fc:-^i.*xdfa-*«!l 

« t t mriB^'^ y y v mam^m»^is v 

[0 0 6 3] (#IB18) ttfBl 7tCiEtt«!05gfiIi]B 

•y ? 2: tWB'^y^'y atttfR J^HIBfclfti^-rS £ i: fctt 
S^SSfllUB. 

( ttf E 19) ftlEl 8 GBM&5tB®Bttz*3 \>*X , bu 
IE; y*' U x* jl -^HIBti: , f?f BIS 2 cortSP ^ a 

[0 0 64] (#IB2 0) #IB1 8^fBKc7)SftHlB 

tcfcv^r. nzi&^yrv x* A -mi®mi. mam 
2cDfti$7 v-v? izft Lxmmzmt-th**3.-*5- 

( #IB 2 1) ftfB 1 8 CiEtt^SffiElBtctJ \^X . m 
IE' ^ >J X^f a -«^0»« , MIB^ 2 ^ o 



X tiif EX * a - £ •& £ 4: * #!S i: f S SftHIB . 
[006 5] (#IB22) #fiB2 lfcfEa^SlBlB 

< i/f/u-T-my^wmizx <omfrmmm*ffo z 
( #f b 23) wis 1 8 *cistt<o5emnj»fci*jv ^x , mr 

IE^'^ U jl— ^0B{± s ffirlE® 2 n 

[0066] ( #IE 2 4 ) #IE 1 7 (clBmi^ftEB 
lcfev>T, frtB^'^yrU^aj^IfilBJi. «SO/SV; 
>-^ l J^tlJJ---y h£tfti., imj^yyv^ta^L-'y 

ztv^yyvem&z'no z t zftmb-th&mm 

B. 

(#IE2 5 ) #iE2 4 \zw®v>5tm,mmz3s^x . m 
str~9^m^mmi. ^m^-^m^-^ bit 

f»£, fjlEmi^l*lgl5^D-yi?(S s {SffiCO^S 

isaor-^^aiJ--<y bumm^mx.. w&=f-9 
m&j-- v bit. m^<^y9vmm^~y bmmtm 

lzmtX^ti^-^>9'VmtiiJ---y bb4V9-V— 

y-Mftzii ?zt &ftmb-?&&m®&. 

[0067] (#IE26) #IE24t=IESJ<0gmH]B 

ai j-r: .y h $ij«fi#$r -e^-pixfrfiB^N'^ > y «aja. 
- -y h izmm-th z t wmb -t ssftEB . 

( ftlE 2 7) ftfE 2 6 Ki E«tf>Seei»fc*5 V , bm 

i&'N*^ y^ y x^f a-^niBJi s mv&rt*7 yy y «t 
aiJL- -y h $ijepfi-^tc*t lt ^ft wpi65£#> a,^x 

^i-Sr^-i.S^iSr#fai:^SfllIlB. 
[00 68] (#IE2 8) ttfE2 6t;:!ESUD£f!®B 

^'»? yy y «ajjL=. y b mmmmztt lt •e^-r iusw 

B. 

( mi 2 9) fflS 2 6 tlEm^SflUlB »£ *J ^X , m 
IB^'^ > ^ 'J X^r jL-^EIBtt. HulE*^'^ y ^ 

ajid .y h mwm^-z zti^tim* & trntnimtzit 

6 »SWV N'-y7r$riii.4^i:^^iSt>-r4 SitHIB. 
[00 6 9] (#IE3 0) #IB2 6t:|B«^fiIIlB 
iz&^x. ffirffi/^y^yx^A-f^niBti. buIB^- 

j**>yrv mm?-- >y b Mtpit-f - §r zti^timtc & 
wmt* z t zmmb -t 

( wis si) #ib 3 o tiettwsmniB t J3 v . mr 
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[00 70] (#153 2) frtB2 6tciE«0»gEia 
C 0 0 7 1 ] 

» . iS31<yME^e&£^^£Jttf>fc:, U 5 -y ? 

[02] 01<?»fi0BlC;fett*ftffl4>'*-;jtt'-? 
<0— ^B£^J5r^-r 7"n -y ? 0t»4 . 
[03 ] Asfo^fcfetf&x-^fcitfA^y'J^ 

[04 ] 2|E«HBfc:ffi4^n-y ^a7C0B**tr58fg|g» 
OMSfgJ&^-fy'n >y ?0TS>.g> . 

[06 ] *$twcr>%m®mziiii- h msM&mpmft £ 

[07 ] *^B^<oSfl[lIS«<73Wj^co— ^iJ^rf^HH-r-g. j^*'? 
co0T'S>-g>. 

[08 ] #»HJ§fcffi4»SIIIHW>SI 1 3**W£8»ttfc: 
[09 ] 08Ogftll]BOfJ)#*|^-r?,7ta6<7)0-C$> 
[0103 *^hJ*j J: Vi§m.<r>9 v wmffi*: t/P 



[011] *%BJ(cffi45g(gl!0»<OS2|life(if||S:m» 
t^t/D -y^0T'&S. 

[01 2] 01 l(a38{illl»fc:fe{t*fiiffl-f V^-jKI^ 

[013] ^%%(cffi£SfSlaIKOSI(3|gife0IS:ffil«m 
[01 4 ] 01 3c0^ffIl]B^*J(t-S^V7>^"J^ttifij 

[01 5] *muz&2>&m®s$<?>&4mm$:m®W) 

I- T-^^ttJfiJ^[=IS8 

II- 14; 111-1 14-r-^^tB^---y h 

21—2 4 ; 121 — 1 2 4-^>¥Vm\£3--'v h 

3 1 — 3 4-yN'->>-rU^^i-%iJL^-y h (a' 7 7 
rSSUlB) 

3 0 1-3 0 4-111 
4-^n-y ^«#f6^0» 

4 0, 1 0 ■yf—i£V—9 
4 1 , 4 ®g& 

4 3-r-r T-J-n^SSftS (DAC) 

44-^jgs 
4 5-aawfflDAc 

4 0 0-?n»;«f»ai 

4 0 1-T-?miiim?Vv7'< yyT 

4 0 2 -t^yy U &ttSffl? n -y y 7 r 

5. 10 5-ffifflJfcRS 

Dt, Dt+1. Dt+2, Dt+3 — r-^^ai^-f 

Bt, Bt+1. Bt+2, Bm-j<^yyvnta^^ $.> 

C LK b ; C LKbl, CLKb2, CLKb3, CLKb4- 
C LK d ; C LKdl, CLKd2, C LKd3, C LKd4-- 
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[013 



H 1 




[03] 



H 3 



X' 


1 ) 




) 
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( 


D 


t 


CU+1 


at 


+2 


Di+3 





Bi Bt+1 B*+2 Bi+3 
iBto) 



[02] 



U3 
OAC 



„,U1 



©88 



U2 



1U 
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